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equation will be R = r + &a, where R is the distance from wheel centre to
a point on curve corresponding to angle a measured from point of inter-
section. For the common form of multi-blade fan, R = r 4- o-2a, where
a is in radians.
In practice the cut-off point is moved back about 30° to allow a little
clearance and to permit the nose to be rounded off. To do this adds sensibly
to the prevention of noise.
This leaves a small portion of the wheel periphery exposed or un-
covered by the spiral, and on this section there will be a tendency for
slip or air leak, back through the fan, due to the pressure at the tip being
slightly less than at the point of cut-off. The practical advantages, however,
by retarding the cut-off point warrant the small amount of slippage.
In the case of a fan having two discharge branches the same spiral may
be used, stopping off at 180°, the second being started from this point. The
linear dimensions and areas of volute will be approximately halved.
Fans having high tip speeds with forward-curved blades sometimes have
a diffuser casing and volute when high efficiency is required; also a more
complete conversion of velocity into pressure is effected with the help of
a diverging pipe from the point of cut-off at the volute discharge.
RECIPROCATING  COMPRESSORS
In the piston type of compressor the work of compression is done inter-
mittently, one complete cycle being performed per revolution when single
acting and two when double acting. A volume of air is drawn through
automatic or mechanically operated inlet valves into the cylinder as the
piston moves outwards; compression and delivery through other similar
valves takes place on the return stroke.
Piston displacement is the volume swept by the piston on the suction
stroke. Although not a true measure of the capacity, it forms the base from
which the capacities of compressors are compared.
Delivered capacity is the actual volume of free air (at atmospheric pres-
sure) delivered.
True volumetric efficiency is the ratio of the volume of free air drawn in
to the piston-displacement volume. This ratio depends largely upon the
clearance space and efficiency of valves.
The clearance space is the total space existing between the piston crown,
when at top dead centre, and the cylinder head, including valve ports. Its
effect on volumetric efficiency is very important, owing to the fact that a
maximum pressure remains in the enclosed space after valves close. As
the piston recedes the volume of compressed air expands approximately
isothermally until the pressure falls below that necessary to induce the flow
of a fresh charge. Referring to fig. 4, it will be seen that a considerable
portion of the piston displacement is thus robbed of its capacity to charge.
A common figure for clearance volume is about 3 per cent of the displace-
ment for small machines, and about i per cent for large machines.

